Openness, Economic Development, and the Environment in Post-Reform China: A Model with Empirical Analysis by Jiang, Yanqing
International Journal of Social Science Studies 
Vol. 2, No. 3; July 2014 
ISSN 2324-8033   E-ISSN 2324-8041 
Published by Redfame Publishing 
URL: http://ijsss.redfame.com 
56 
 
Openness, Economic Development, and the Environment in Post-Reform 
China: A Model with Empirical Analysis 
Yanqing Jiang  
School of Economics and Finance, Shanghai International Studies University, Shanghai, P. R. China 
Correspondence: Yanqing Jiang, School of Economics and Finance, Shanghai International Studies University, No. 
1550 Wenxiang Rd., Shanghai 201620, P. R. China 
 
Received: May 2, 2014   Accepted: May 19, 2014  Available online: June 2, 2014 
doi:10.11114/ijsss.v2i3.403  URL: http://dx.doi.org/10.11114/ijsss.v2i3.403 
 
Abstract 
In this study, based on the Environmental Kuznets Curve (EKC) framework, we empirically examine the effects of trade 
openness and the level of economic development on pollution emission across the Chinese provinces. Our regression 
analysis shows that increasing trade openness contributes to higher pollution emission, where the effect of the former 
may be realized through its impacts on total factor productivity and the industry mix. Our analysis also shows that with 
the continuous growth of output and per capita output, pollution emission and pollution emission intensity both first rise 
and then fall, which gives support to the EKC hypothesis.  
Keywords: openness, environment, pollution emission, development, China  
1. Introduction 
Thanks to the market-oriented reforms initiated in the late 1970s, China has achieved spectacular growth in the past 
several decades, and its economic structure has experienced great transformation. In the meantime, the whole country 
has also gradually opened up to foreign trade and foreign direct investment, transforming itself from a virtually 
completely closed economy into a major trading nation and the largest developing-country destination for foreign direct 
investment in the world. The ratio of foreign trade to GDP quadrupled from 9 percent in 1980 to 36 percent in 2000, 
over a period of twenty years.  
However, it is argued that the rapid processes of industrial development and opening up have been relying heavily on 
increasing inputs of environmental resources. Unsustainable environmental practices are posing serious threats to 
China’s forests, water, air, biodiversity, and energy and food supplies (Co, Kong and Lin, 2008). In 2007, for example, 
China replaced the United States and became the largest greenhouse gas emitter in the world. Direct damages from 
environmental pollution have stayed as high as 8 to 10 percent of total annual GDP of China (The Economist, 2004). 
Environmental pollution accompanying China’s rapid economic growth, opening up and development has become a 
serious concern that calls for the rethinking of government policies (Zhang, 2012). 
The linkages between foreign trade, economic development and the environment have been widely discussed in the 
literature. They have been mostly investigated within the framework of the Environmental Kuznets Curve (EKC 
hereinafter), which postulates an inverted U-shaped relationship between environmental pollution and per capita income 
(Grossman and Krueger, 1993, 1995). In the EKC framework, increased incomes are associated with an increase in 
pollution in poor economies but a decline in pollution in rich economies.  
Foreign trade may affect pollution outcomes through a variety of channels. One channel is the scale effect considered 
harmful to the environment, which describes the situation where the expansion of domestic production driven by 
increasing trade openness leads to more environmental pollution. Another channel is the technique effect considered 
conducive to the environment: domestic firms could enjoy the spillovers introduced by foreign trade and have access to 
more advanced technologies that are less pollutive. Through this channel, trade openness could improve the 
environmental quality. A third channel is the composition effect, which is related to structural changes that occur in the 
economy: foreign trade shapes the pattern of production specialization between the country and the rest of the world, 
and therefore, by driving the reallocation of resources across different domestic sectors, affects the overall pollution 
intensity of the various production activities within the country. Still one more channel is the income channel: along 
with the income gains allowed by foreign trade, the country may desire higher environmental standards, more stringent 
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regulations, and better enforcement by the government, which are all beneficial to the environment.  
Early studies within the EKC framework focused on the effect of economic development on environmental degradation 
(Grossman and Krueger, 1993, 1995; Selden and Song, 1994; Vincent, 1997; Gale and Mendez, 1998). However, the 
relationship between income growth and the environment may vary with the source of income growth, as different types 
of economic activities have different pollution intensities (Abdulai and Ramcke, 2013). In other words, the pollution 
consequences of economic growth depend on the underlying sources of growth (Antweiler, Copeland and Taylor, 2001). 
Further, the simplest EKC framework does not account for the effects of foreign trade on the environment. In fact, trade 
patterns may partially explain reductions in pollution in high-income countries and meanwhile increases in pollution in 
low-income countries. Specifically, the pollution haven hypothesis postulates that disparities in the stringency of 
environmental regulations between developed and developing countries will generally lead to increased 
pollution-intensive production in the developing countries (Cole, 2004). The factor endowment hypothesis, in 
comparison, argues that determined by trade and specialization patterns, countries that are relatively abundant in factors 
used intensively in polluting industries will generate more pollution as trade barriers are lifted (Mani and Wheeler, 
1998).  
We are interested in uncovering the environmental implications of China’s processes of opening up and economic 
development. In this paper, therefore, we empirically examine the effects of trade openness and the level of 
development on pollution emission across the Chinese provinces. Environmental resources are unpaid factors of 
production in an unregulated market, as the cost of pollution is not internalized. Pollution emission thus can be viewed 
as an additional factor of production (besides labor, capital, etc.) into the aggregate production function (Tzouvelekas, 
Vouvaki and Xepapadeas, 2006). To examine the effects of foreign trade and economic development on pollution 
emission in China is effectively to see whether China is contributing a substantial amount of environmental resources to 
the production of its total economic output. Under a green Solow growth framework (see, for example, Brock and 
Taylor, 2004), environmentally sustainable development in China requires that while technological progress in goods 
production is necessary to generate per capita income growth in the Chinese regions, technological progress in these 
regions in terms of emission reduction must exceed growth in output in order for pollution to fall and the environment 
to improve (Jiang, 2013).  
This paper is organized as follows. In Section 2, we present our basic model. In Section 3, we discuss issues related to 
the sample, data and variables. In Section 4, we present and discuss our regression results. Section 5 extends our 
analysis to incorporate the possibility of strategic interaction among provinces into our regression model. Finally, 
Section 6 concludes.  
2. The Basic Model 
To consider the theoretical model, we assume that aggregate output of a given single-sector economy at time t  is 
linked its various production factors by an aggregate production function of the form  
                           )](),(),(),([)( tAtNtLtKFtY                                (1) 
where K  is the level of physical capital stock, L  is the amount of human labor, N  is the quantity of natural 
resources used in the production process, and A  stands for the level of technology or total factor productivity. The 
simple idea behind our theoretical model is that the production process itself generates pollution emission, which means 
that the amount of pollution emitted is not directly related to the level of aggregate output, but to the quantities of the 
various production factors (including total factor productivity) employed in the production process. Therefore, the 
amount of pollution emitted can be treated as a function of the various arguments in (1). Formally, for this given 
economy, we can write 
)](),(),(),([)( tAtNtLtKtE                                (2) 
where )(tE  stands for pollution emitted at time t . Since the level of total factor productivity )(tA  is not directly 
observable, we can write it as  
)](),(),(),([)( tNtLtKtYtA                                 (3) 
which is implicitly determined by the functional relationship in (1). Plugging (3) into (2) yields 
)]}(),(),(),([),(),(),({)( tNtLtKtYtNtLtKtE                        (4) 
)](),(),(),([
~
tNtLtKtYE  
where the second equality redefines the function. Equation (4) shows that pollution emission )(tE  can be written as a 
function of four arguments, which are output )(tY , physical capital )(tK , labor )(tL  and natural resources )(tN .  
It is now straightforward to consider the situation of an economy with m  different sectors. Pollution emission of the 
jth sector (j = 1, 2, …, m) is determined by  
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where the  ’s are respectively the shares of economy-wide )(tY , )(tK , )(tL  and )(tN  in sector j , with the sum 
of all the  ’s equaling one for any t . Total pollution emission of the whole economy at time t  is now written as 
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Therefore, the total economy-wide pollution emission is determined by 
)](),(),(),(),([
~~
)( ttNtLtKtYEtE Φ                                 (7) 
in which )(tΦ  is a vector containing all the  ’s.  
The empirical model used in our analysis is directly based on Equation (7), with openness to foreign trade incorporated 
into the regression specification as an additional explanatory variable. Our baseline econometric model, which takes 
account of the EKC framework and applies a panel data structure, is then expressed as follows 
2
54
2
321 )(lnln)(lnlnlnln itititititit LLYYTE                  (8) 
itititit cKK  
2
76 )(lnln  
in which all the variables are entered in the logarithm form. The explained variable itE  is regional pollution emission 
(of province i  in year t ). The explanatory variables are regional trade openness itT , regional output (i.e. GDP) itY , 
regional population itL , and regional physical capital stock itK . The squared terms of the latter three are also included 
in the equation to take account of potential nonlinear partial effects as predicted by the EKC framework. The terms t , 
ic  and it  are the time-variant intercept, the time-constant province heterogeneity, and the zero-mean idiosyncratic 
error, respectively.  
The variable itT , which represents regional trade openness, is our primary explanatory variable. According to the 
specification in (8), the coefficient 1  on itTln , which bears an elasticity interpretation of itit TE ln/ln1  , 
indicates the magnitude (in the percentage sense) of the partial effect of itT  on pollution emission itE , netting out the 
effects of regional output, regional population and regional physical capital stock. It should be noted that according to 
Equation (7) above, when Y , K  and L  are controlled for, regional trade openness can only affect regional pollution 
emission E  through its impacts on Φ  and N . To fix ideas, suppose (fictitiously) for the moment that all the 
elements in Φ  are held fixed, then with Y , K  and L  being controlled for, trade openness can only affect the level 
of E  by affecting the level of N  employed in the production process. According to Equation (3), this is equivalent 
to saying that with Y , K , L  as well as all the elements in Φ  held fixed, trade openness can only affect the level of 
pollution emission E  by affecting the level of total factor productivity A . Now suppose, instead, that the level of 
N  (besides the levels of Y , K  and L ) is held fixed, then according to Equation (7), we see that trade openness can 
now affect the level of E  only by affecting the shares in Φ . In sum, our regression specification in (8) captures two 
different channels through which regional openness to foreign trade may exert impacts on regional pollution emission. 
First, trade openness may affect pollution emission by affecting total factor productivity. Second, trade openness may 
affect pollution emission by affecting the industry mix.  
The magnitude of the partial effect of itYln  on itEln  is determined by itYln2 32   , where a non-zero value of 3  
indicates a nonlinear partial effect of itYln  on itEln . Since in Equation (8) the variables itL  and itK  are both 
controlled for, we can see that an increase in regional output itY  would affect the level of regional pollution emission 
itE  through channels other than increases in labor and capital inputs. For example, an increase in itY  given the levels 
of itL  and itK  may imply an increase in the level of total factor productivity itA , which in turn would affect the 
quantity of pollution emitted. Or otherwise an increase in itY  (given the levels of itL  and itK ) may imply an increase 
in the input of natural resources (see Equation (1)), which may also reasonably affect the level of pollution emission itE . 
The magnitude of the partial effect of itLln  on itEln  is determined by itLln2 54   . A non-zero value of 5  
implies a nonlinear partial effect of itLln  on itEln . As both itY  and itK  are controlled for in the regression equation, 
a change in itL  is then associated with a change in either itA  or itN  (or both). Similarly, the magnitude of the partial 
effect of itKln  on itEln  is determined by itKln2 76   . A non-zero value of 7  captures a nonlinear partial effect 
of itKln  on itEln . Because of the inclusion of the terms itYln  and itLln  (and their squared terms as well) in the 
regression equation, a change in itK  is associated with a change in either itA  or itN  (or both).  
3. The Data 
Our sample includes 28 provincial-level regions (provinces for short) in China over the period of 1997–2010.1 We use 
the total volume of provincial industrial waste gas emission (in 100 million cubic meters) to proxy for total provincial 
                                                        
1 These provincial-level regions include provinces, ethnic minority autonomous regions, and provincial-level municipalities. 
Because of missing data, three regions, Tibet, Chongqing, and Hainan are not included in our sample. 
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pollution emission itE  of a Chinese province (province i ) in any given year (year t ). Cross-sectional data on 
provincial industrial waste gas emission for each year in 1997–2010 are available from the Chinese Statistical Yearbook 
(the issues of 1997–2011) so that the panel of data on itE  can be obtained. Cross sections of provincial population for 
each year in 1997–2010 can also be found in the Yearbook (1997–2011) so that the panel of data on itL  can be directly 
obtained. Cross sections of nominal Gross Regional Product (GRP) and GRP indices for each year in 1997–2010 are also 
available from the Yearbook (1997–2011), so that the panel of data on real provincial GRP can be calculated for itY .  
However, the various issues of the Chinese Statistical Yearbook do not directly record data on provincial physical 
capital stock itK  for the Chinese provinces. Therefore, to calculate the levels of provincial physical capital stock, we 
opt for the procedure of Zhang (2008), who applies a perpetual inventory method (PIM) to calculate physical capital 
stock data for the Chinese provinces. The PIM procedure of Zhang (2008) leads to an annual rate of depreciation for 
fixed capital formation of 9.6% across all the provinces over the period 1952–2004. In our current analysis, by 
following the same procedure, we therefore assume that the annual depreciation rates of physical capital are uniformly 
9.6% for all the 28 provinces throughout our sample period 1997–2010.2  
The trade openness variable itT  is constructed as the ratio of provincial foreign trade (exports plus imports) to 
provincial GRP, where data on the values of provincial exports and imports are also available from the Chinese 
Statistical Yearbook (the issues of 1997–2011). In a broader sense, regional openness to foreign trade can be understood 
as a proxy for the general level of regional openness to overall international economic activities. In fact, it may be more 
interesting to investigate the effect of regional openness to overall international economic activities (rather than 
openness to foreign trade in the narrow sense) on regional pollution emission. However, using trade openness to proxy 
for openness to overall international economic activities may give rise to a problem. A large province (in terms of output 
or population) may tend to have relatively less foreign trade, as there is a larger scope for trade within the province. In 
addition, a rich province (one with a high level of per capita output) may be biased toward having a lower level of 
trade-to-output ratio, because as the province develops, the share of the service sector tends to increase while the service 
sector is largely non-tradable (Low, Olarreaga and Suarez, 1998). 
One way to tackle this problem is to adjust the trade openness variable (i.e. the trade-to-output ratio) so as to take 
account of disparities in region size and the level of regional development. We can consider a regression such as the 
following one, in which we regress the regional trade-to-output ratio (in the log form) on a set of variables measuring 
the region size (in terms of both output and population) and the level of regional development 
2
43
2
210 )(lnln)(lnlnln ititititit LLYYT                         (9) 
ititititit vLYLY 
2
65 )]/[ln()/ln(   
ititit LYY ln)(lnln 3
2
210   itititit vLYL  )ln(ln)(ln 5
2
4   
where itv  is the error term of this regression, and 511   , 622   , 533   , 644    and 
65 2  . We run a pooled ordinary least squares (OLS) regression according to (9) and construct the corresponding 
fitted value, denoted itTˆ , such that 
)]ln(lnˆ)(lnˆlnˆ)(lnˆlnˆˆexp[ˆ 5
2
43
2
210 ititititititit LYLLYYT              (10) 
where the ˆ ’s are the values of the intercept and slopes in (9) estimated from our pooled OLS regression. The fitted 
value itTˆ , calculated according to (10), indicates what the “normal” or average degree of openness of a Chinese 
province would have, given the level of regional output and the size of regional population. Based on this idea, the 
adjusted regional openness variable can be constructed as 
ititit TTT
ˆ/                                     (11) 
Or equivalently  
itititit vTTT ˆ
ˆlnlnln                                (12) 
which shows that the adjusted regional openness variable itT
ln  (in the log form) is actually the residual itvˆ  obtained 
from our pooled OLS regression based on (9).  
 
We should note that our baseline regression specification in (8) already has itYln , itLln  and their squared terms 
2)(ln itY  and 
2)(ln itL  as independent variables: the only independent variable that appears in (9) but not in (8) is the 
interaction term )ln(ln itit LY  . We can now expand Equation (8) to include this interaction term as an additional 
explanatory variable 
                                                        
2 See Zhang (2008) for more details.  
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2
76  
One merit of this new specification in (13) is that it controls for everything that is controlled for in (9), so that 
technically, it makes no difference whether it is itTln  or itT
ln  that really appears on the right-hand side of Equation 
(13). In our analysis below, for comparison purposes, we run regressions based on both (8) and (13).  
Before we turn to our regression analysis, we informally examine the relationships between regional pollution emission 
(per unit of output) and several other variables in order to gain an intuitive idea of the descriptive statistics of our 
sample. First, we depict the relationship between regional pollution emission intensity (i.e. pollution emission per unit 
of output) and regional trade openness in Figure 1, using pooled data of all the provinces over the whole sample period 
of 1997–2010 (392 observations altogether). The figure suggests a negative relationship between the two: the more 
open the province is to foreign trade, the lower the level of its pollution emission per unit of output (without controlling 
for other factors).  
 
Figure 1. Regional Pollution Emission Intensity and Regional Trade Openness 
Regional pollution emission intensity ln(E/Y) is depicted on the vertical axis while regional trade openness lnT is 
depicted on the horizontal axis (both are in the log form).  
 
Figure 2. Regional Pollution Emission Intensity and Regional per Capita Output 
Regional pollution emission intensity ln(E/Y) is depicted on the vertical axis while regional per capita output ln(Y/L) is 
depicted on the horizontal axis (both are in the log form). 
 
Next, we show the relationship between regional pollution emission intensity and regional per capita output in Figure 2, 
also using pooled data of our entire sample period. The figure suggests a negative relationship between the two variables: 
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the higher the provincial per capita output, the lower the provincial pollution emission intensity. Both Figures 1 and 2 
find negative relationships. These findings are suggestive, but they are not very much compelling unless we can establish 
a ceteris paribus causal linkage, which we will attempt to do in our regression analysis to come. Besides the relationships 
depicted in Figures 1 and 2, we are also interested in seeing the linkage between regional pollution emission intensity and 
regional capital-output ratio. This is because we are interested in seeing the relationship between pollution emission 
intensity and investment, and according to the traditional Solow growth model the capital-output ratio is proportional to 
the investment rate along a balanced growth path. Therefore, in Figure 3, we depict the relationship between regional 
pollution emission intensity and regional capital-output ratio (pooled data). Unlike the two previous figures, Figure 3 
does not seem to show any discernable pattern of the relationship between the two variables.  
 
Figure 3. Regional Pollution Emission Intensity and Regional Capital-Output Ratio 
Regional pollution emission intensity ln(E/Y) is depicted on the vertical axis while regional capital-output ratio ln(K/Y) 
is depicted on the horizontal axis (both are in the log form). 
4. Regression Results 
We use an annual data setup in our regression analysis: each period t  in Equations (8) and (13) pertains to a calendar 
year. There are 14 calendar years in our sample period of 1997–2010. Therefore, technically, we use 13 time (year) 
dummy variables, along with a common intercept, to take account of the time intercept t  in (8) and (13). Our 
regression results are summarized in Tables 1 and 2. The regressions in Table 1 are based on Equation (8) while those in 
Table 2 are based on Equation (13). Of the different regressions included, our preferred method is the fixed effects (FE) 
estimation as it controls for the time-constant province heterogeneity, but the other estimations (i.e. the first-differencing 
(FD), the random effects (RE), and the OLS estimations) are also included only for comparison purposes.
3
 To save 
space, in both tables, the estimated time intercepts (i.e. the estimated coefficients on the time dummy variables, along 
with the common intercept) are not reported.  
The FE estimation in Table 1 produces significant estimated coefficients (at the usual 5% level) on all the explanatory 
variables except 
2)(ln itK .
4
 Particularly, the estimated coefficient on itTln  is significantly positive, which is about 
0.12. This result suggests that once we have controlled for provincial output, population, and physical capital stock, 
provincial trade openness would have a positive effect on provincial pollution emission. As discussed earlier, when 
regional output, population, and physical capital stock are controlled for, regional trade openness may affect regional 
pollution emission by affecting either the level of aggregate total factor productivity or the regional industry mix (i.e. 
the relative shares of the output and inputs across different sectors).  
The estimated coefficient on itYln  is significantly positive, which is 2.093, while estimated coefficient on its squared 
term is significantly negative, which is –0.066. Therefore, the partial effect of itYln  on the dependent variable itEln  
is estimated to be itYln132.0093.2  . This is equivalent to saying that the partial effect of itYln  on the log of 
emission intensity, )/ln( itit YE , is itYln132.0093.1  . With regional population controlled for in the regression, this 
                                                        
3 Both the FE and FD methods have the desirable feature of explicitly controlling for the unobserved province effects. However, the 
choice between FE and FD hinges on the assumptions about the idiosyncratic errors. Generally, the FE estimator is more efficient if 
the errors are serially uncorrelated while the FD estimator is more when the errors follow a random walk. 
4 Statistic significance mentioned in this study is always associated with the usual 5% level unless otherwise stated.  
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result supports the EKC hypothesis by showing that as (per capita) output grows larger, pollution emission (intensity) 
first increases and then falls. In our current sample, the maximal, minimal and average values of itYln  are 9.000, 3.867 
and 6.863, respectively. As itYln132.0093.2   remains positive as long as itYln  is smaller than 15.856, we can see 
that in our sample, with all the other explanatory variables (including the unobserved province effects) being controlled 
for, provincial pollution emission increases all the way as provincial (per capita) output grows. However, as 
itYln132.0093.1   stays positive while itYln  is smaller than 8.280, we can see that provincial pollution emission 
intensity increases first and then falls as provincial (per capita) output grows.  
 
Table 1. Regression Results Based on Equation (8) 
Sample: 28 Chinese provinces 1997–2010                        Obs: 392 
Dependent variable: itEln  
 Variables FE FD RE OLS 
itTln  
 
  0.119** 
(0.051) 
–0.049 
(0.060) 
–0.012 
(0.044) 
 –0.165** 
(0.033) 
itYln  
 
  2.093** 
(0.397) 
 2.109* 
(1.120) 
 1.208** 
(0.348) 
–0.472 
(0.410) 
2)(ln itY  
 –0.066** 
(0.028) 
–0.045 
(0.074) 
 –0.056** 
(0.026) 
  0.075** 
(0.030) 
itLln  
 
 –9.773** 
(1.990) 
–5.318 
(4.182) 
 –5.130** 
(1.213) 
–1.033* 
(0.544) 
2)(ln itL  
  0.640** 
(0.135) 
0.362 
(0.276) 
  0.336** 
(0.078) 
  0.081** 
(0.034) 
itKln  
 
  0.843** 
(0.331) 
1.186 
(0.877) 
0.514 
(0.323) 
  1.240** 
(0.410) 
2)(ln itK  
–0.042* 
(0.023) 
–0.078 
(0.057) 
–0.020 
(0.023) 
 –0.078** 
(0.027) 
Standard errors are in parentheses. * and ** denote significance at the 10% and 5% levels respectively. To save space, 
the estimated time intercepts (i.e. the estimated coefficients on the time dummy variables, along with the common 
intercept) are not reported in the table.  
 
The estimated coefficient on itLln , which is –9.773, and the one on its squared term, which is 0.640, are both 
significant. The partial effect of itLln  on itEln  is therefore itLln280.1773.9  . According to our model earlier, as 
both itY  and itK  are controlled for in the regression equation, a change in itL  must be associated with a change in 
either the level of total factor productivity or the level of resource input, or both. Our result shows that the partial effect 
is negative when itLln  stays low (lower than 7.635) and is positive when itLln  becomes high (higher than 7.635). In 
our current sample, the maximal, minimal and average values of itLln  are 9.238, 6.198 and 8.157, respectively. 
Therefore, provincial pollution emission (intensity) first falls and later rises as provincial population grows (with other 
explanatory variables being controlled for).  
The estimated coefficient on itKln  is 0.843, significantly positive at the 5% level, and that on 
2)(ln itK  is –0.042, 
significantly negative at the 10% level. The partial effect of itKln  on itEln  is therefore itKln084.0843.0  . Again, 
according to our model earlier, as both itY  and itL  are controlled for in the regression specification, a change in itK  
must be associated with a change in either the level of total factor productivity or the level of resource input, or both. 
Our result suggests that the partial effect is positive when itKln  is low (lower than 10.036), and negative when itKln  
is high (higher than 10.036). In our current sample, the maximal, minimal and average values of itKln  are 10.036, 
4.795 and 7.717, respectively. Therefore, for our specific sample, provincial pollution emission (intensity) increases as 
provincial physical accumulates (with other explanatory variables being controlled for).  
Table 2 includes an additional explanatory variable, the interaction term 
itit LY lnln  , in the regression equation. 
According to Equation (13) and our discussion earlier, the inclusion of this variable slightly alters the interpretation of 
the openness variable (that is, it makes no difference whether it is itTln  or itT
ln  that appears as the dependent 
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variable in (13)). In the FE regression in Table 2, the estimated coefficient on 
itit LY lnln   is insignificant. A quick 
comparison between the FE regressions in Tables 1 and 2 reveals that the inclusion of 
itit LY lnln   in the regression 
equation alters the estimated coefficients on all the other explanatory variable only very negligibly.  
Table 2. Regression Results Based on Equation (13) 
Sample: 28 Chinese provinces 1997–2010                        Obs: 392 
Dependent variable: itEln  
 Variables FE FD RE OLS 
itTln  
 
  0.119** 
(0.051) 
–0.051 
(0.060) 
–0.012 
(0.044) 
 –0.172** 
(0.033) 
itYln  
 
  2.153** 
(0.432) 
 1.916* 
(1.162) 
  1.142** 
(0.398) 
–0.746* 
(0.411) 
2)(ln itY  
 –0.062** 
(0.030) 
–0.067 
(0.082) 
 –0.060** 
(0.028) 
0.012 
(0.034) 
itLln  
 
 –10.211** 
(2.339) 
–5.026 
(4.210) 
 –4.900** 
(1.419) 
–0.341 
(0.569) 
2)(ln itL  
  0.674** 
(0.166) 
0.310 
(0.288) 
  0.315** 
(0.101) 
–0.026 
(0.045) 
itKln  
 
  0.831** 
(0.333) 
1.177 
(0.878) 
0.519 
(0.323) 
  1.061** 
(0.407) 
2)(ln itK  
–0.041* 
(0.024) 
–0.078 
(0.057) 
–0.020 
(0.023) 
 –0.065** 
(0.027) 
itit LY lnln   
 
–0.018 
(0.051) 
0.071 
(0.112) 
0.015 
(0.042) 
  0.143** 
(0.040) 
Standard errors are in parentheses. * and ** denote significance at the 10% and 5% levels respectively. To save space, 
the estimated time intercepts (i.e. the estimated coefficients on the time dummy variables, along with the common 
intercept) are not reported in the table.  
 
5. Extended Analysis 
The analysis above takes each Chinese province as an isolated region and does not consider potential strategic behavior 
among the provinces with respect to pollution emission. In this section, we incorporate strategic interaction among the 
provinces into our model. Regional pollution emission is related to the pollution abatement effort of the local 
government. However, local governments in China often have little incentive to favor greater effort in environmental 
protection and pollution abatement. Since the early 1990s, local governments have been experiencing budget deficits 
every year, and have relied heavily on transfers from the central government, which largely depends on value-added tax 
rebates. As value-added tax rebates are related to local output growth, local governments in China have strong 
incentives to increase local output (in order to increase revenue transfers), but have little incentive to protect the 
environment (Co, Kong and Lin, 2008). Therefore, the Chinese provinces may interact strategically in deciding on their 
levels of efforts in pollution abatement.  
There are at least three reasons for possible strategic interaction among the provinces in the current case. The first 
reason is related to interregional competition for resources. For example, different provinces may interact strategically 
to attract and retain investment, foreign and domestic, which is often pollution-intensive, by racing down to the bottom 
of their environmental standards (Smarzynska and Wei, 2001; King, 2011). Secondly, there may exist interregional 
spillovers associated with the benefits from environmental protection and pollution abatement. A province may choose 
its level of effort in pollution abatement in response to pollution abatement spillovers it receives from other provinces 
(see, for example, Brueckner, 2003). Thirdly, interregional strategic interaction in pollution abatement behavior may 
also exist as a result of “information spillover” (see, for example, Besley and Case, 1995). For example, residents of a 
province may compare and evaluate their local government’s performance in pollution abatement and environmental 
protection against other provinces, so that the local government may feel pressured to mimic the environmental policy 
of (say) a neighboring province.   
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Table 3. Regression Results Based on Equation (14)  
(The vector itX  collects all the explanatory variables in Equation (8).) 
Sample: 28 Chinese provinces 1997–2010                        Obs: 364 
Dependent variable: itEln  
 Variables FE FD RE OLS 
  ij tjij Ew 1,ln  
0.025 
(0.305) 
0.391 
(0.409) 
–0.120 
(0.160) 
0.079 
(0.059) 
itTln  
 
  0.122** 
(0.055) 
–0.050 
(0.064) 
–0.038 
(0.046) 
 –0.143** 
(0.038) 
itYln  
 
  2.151** 
(0.431) 
 2.197* 
(1.168) 
  1.444** 
(0.368) 
–0.592 
(0.441) 
2)(ln itY  
 –0.077** 
(0.030) 
–0.057 
(0.078) 
 –0.069** 
(0.028) 
  0.079** 
(0.032) 
itLln  
 
 –8.328** 
(2.314) 
–4.849 
(4.392) 
 –4.745** 
(1.268) 
–0.993* 
(0.581) 
2)(ln itL  
  0.539** 
(0.158) 
0.329 
(0.291) 
  0.308** 
(0.082) 
  0.082** 
(0.036) 
itKln  
 
 0.639* 
(0.368) 
1.042 
(0.928) 
0.363 
(0.348) 
  1.283** 
(0.447) 
2)(ln itK  
–0.030 
(0.026) 
–0.070 
(0.061) 
–0.012 
(0.024) 
 –0.080** 
(0.030) 
Standard errors are in parentheses. * and ** denote significance at the 10% and 5% levels respectively. To save space, 
the estimated time intercepts (i.e. the estimated coefficients on the time dummy variables, along with the common 
intercept) are not reported in the table.  
 
Taking this possible strategic interaction into consideration, we modify our earlier models into the following 
specification 
ititit
ij
tjijit cEwE   

 βX1,lnln                         (14) 
where 1, tjE  refers to pollution emission in any other province j  ( ij  ) in the preceding period 1t .
5
 ijw  are 
nonnegative weights reflecting the relevant importance of other provinces j  in the process of strategic interaction, 
where the relevant importance is supposedly positively related to the geographical proximity between province i  and 
another province j . The vector itX  then collects the explanatory variables in (8) and (13) (respectively). Different 
weighting schemes for ijw  in (14) capture different spatial patterns of strategic interaction among the provinces. In 
this study, we adopt a “smooth distance decay” scheme in which we set ijij dw /1  for ij  , where ijd  is the 
distance between the capital cities of provinces i  and j . The unit of measurement for the distances is irrelevant 
because for each i  the weights will be normalized so that they add up exactly to unity.  
We can now run regressions based on (14). The results are contained in Tables 3 and 4. For the regressions in Table 3 
the vector itX  contains all the explanatory variables in (8) while for the regressions in Table 4 the vector itX  
contains all the explanatory variables in (13). In both tables, the estimates of the coefficient   are all insignificant 
across all the regressions. Therefore, based on our results, we do not find evidence for the existence of strategic 
interaction among the Chinese provinces in terms of pollution abatement. Moreover, comparing Tables 3 and 4 with 
Tables 1 and 2, we can see that the inclusion of the additional explanatory variable in (14) alters the estimated values of 
the coefficients on all the other explanatory variables only very negligibly.  
  
                                                        
5 We lag the levels of pollution emitted in the other provinces for one period in order to avoid the endogeneity problem induced by 
simultaneity. Besides this reason, it is also perfectly reasonable to assume that strategic reaction occurs with a time lag. 
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Table 4. Regression Results Based on Equation (14) 
(The vector itX  collects all the explanatory variables in Equation (13).) 
Sample: 28 Chinese provinces 1997–2010                        Obs: 364 
Dependent variable: 
itEln  
 Variables FE FD RE OLS 
  ij tjij Ew 1,ln  
–0.018 
(0.313) 
0.409 
(0.411) 
–0.120 
(0.162) 
0.020 
(0.061) 
itTln  
 
  0.122** 
(0.055) 
–0.051 
(0.064) 
–0.038 
(0.046) 
 –0.164** 
(0.038) 
itYln  
 
  2.261** 
(0.466) 
 2.012* 
(1.216) 
  1.401** 
(0.420) 
–0.815* 
(0.440) 
2)(ln itY  
 –0.068** 
(0.033) 
–0.077 
(0.086) 
 –0.072** 
(0.030) 
0.014 
(0.037) 
itLln  
 
 –9.021** 
(2.567) 
–4.581 
(4.424) 
 –4.607** 
(1.472) 
–0.373 
(0.603) 
2)(ln itL  
  0.595** 
(0.181) 
0.282 
(0.303) 
  0.295** 
(0.105) 
–0.026 
(0.045) 
itKln  
 
0.610 
(0.371) 
1.042 
(0.929) 
0.365 
(0.348) 
  1.096** 
(0.444) 
2)(ln itK  
–0.028 
(0.026) 
–0.071 
(0.061) 
–0.012 
(0.024) 
 –0.067** 
(0.029) 
itit LY lnln   
 
–0.035 
(0.056) 
0.065 
(0.118) 
0.011 
(0.045) 
  0.146** 
(0.044) 
Standard errors are in parentheses. * and ** denote significance at the 10% and 5% levels respectively. To save space, 
the estimated time intercepts (i.e. the estimated coefficients on the time dummy variables, along with the common 
intercept) are not reported in the table. 
 
6. Concluding Remarks 
In this study, we focus on uncovering the environmental implications of China’s processes of opening up and economic 
development. We empirically investigate the effects of trade openness and the level of development on pollution 
emission across the Chinese provinces. By using panel data of 28 provinces in China over the period of 1997–2010, our 
regression analysis shows that when provincial output, population, physical capital stock as well as the unobserved 
province effects are properly controlled for, provincial openness to foreign trade tends to contribute to more serious 
provincial pollution emission. The effect of regional trade openness on regional pollution emission is supposedly 
realized through the impacts of the former on regional total factor productivity and the regional industry mix (the 
relative shares of the output and inputs across different sectors). In addition, our regression analysis also shows that 
along with continuous increases in regional output (and per capita output), regional pollution emission (and pollution 
emission intensity) would first rise and then fall, which conforms to what the EKC hypothesis predicts. By the same 
token, with provincial output, provincial physical capital stock as well as the unobserved province effects being 
properly controlled for, provincial pollution emission (and pollution emission intensity) would first fall and later rise as 
provincial population grows.  
One important implication of our model and analysis in this study is that, when the effects of regional output, 
population, physical capital stock, as well as the unobserved region heterogeneity are properly taken account of, 
regional total factor productivity, which is associated with regional openness to foreign trade, is considered to play a 
crucial role in affecting regional pollution emission. Trade openness promotes aggregate total factor productivity. 
However, if a higher level of total factor productivity induces more pollution emission, this would indicate that such 
growth in total factor productivity is not totally “green” or environmentally sustainable. If this is the case, then 
increasing openness to foreign trade may lead to more serious pollution and a worsening environment, just as our 
regression analysis above has suggested. Given the findings of this study and their implications, the relationship 
between foreign trade, economic development and the environment should be brought under further scrutiny.  
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